Introduction
Transcatheter aortic valve implantation (TAVI) is emerging as the standard of care for patients with severe aortic stenosis. 1 Whereas a decade ago TAVI was only a treatment option for patients at high or prohibitive risk for surgical aortic valve replacements, [2] [3] [4] [5] real-world data from large cohorts have confirmed that particularly transvascular (TV) TAVI provides excellent outcomes in all risk categories and has shown a decline in the number of complications over the years. [6] [7] [8] [9] [10] [11] This initiated a paradigm shift towards treating intermediate-risk patients with TAVI rather than with isolated surgical aortic valve replacement (iSAVR) in routine clinical practice in the years 2012-14, even in the absence of data from randomized trials. 10, 12 Recently, both the PARTNER-2 and the SurTAVI trials confirmed TAVI to be non-inferior to surgery in patients with severe aortic stenosis at intermediate surgical risk. 13, 14 Therefore, the newly published guidelines of the European Society of Cardiology (ESC) propose to perform TAVI rather than iSAVR in patients > _75 years presenting with a STS-Score > _ 4% or a logistic EuroSCORE I > _10% when feasible with a transfemoral approach. 1 Here, we analyse the newest data provided by the mandatory quality assurance program on all TV-TAVI procedures performed in Germany in 2016 to gain insights into the latest developments of this approach, including patients' risk profiles, procedural success, complication rates, and outcomes, and compare the data with that of previous years and with that of conventional iSAVR.
Methods

Source of data
All aortic valve procedures performed in Germany, including those that are transcatheter based, are legally required to be registered with the Institute for Quality Assurance and Transparency in Healthcare (IQTIG), an independent governmental organization, as part of a mandatory quality control program. Therefore, these data reflect the real-world scenario in Germany and allow an evaluation of the overall development of aortic valve replacement, a comparison of current patient selection practices for aortic valve replacement with respect to demographics and risk scores, and an assessment of these results within the framework of the recently published data of previous years. [10] [11] [12] Data are routinely transferred to the IQTIG by all sites conducting aortic valve replacements using standardized electronic data entry. The data quality is controlled at different levels, including on-site visits and structured interviews of the institutions. The underlying control mechanisms comprise testing for plausibility, completeness, concordance, and accuracy using a wellvalidated system. The data validation procedures are documented in the yearly publication of the Federal Joint Committee (Gemeinsamer Bundesausschuss) in charge of quality control of health care in cooperation with the health insurance companies in Germany. 10, 11, 15 Aortic valve procedures are divided into iSAVR, SAVR, TV-TAVI (transfemoral, direct aortic, and trans-subclavian access), and transapical (TA) TAVI. The data set includes 125 parameters such as baseline clinical characteristics, comorbidities, procedural as well as post-procedural complications, and in-hospital outcome. The complete data set is pooled in a national database that is publicly available. 15 The data for this study derive from the official IQTIG report.
Definition of clinical outcomes
Clinical outcomes such as post-procedural myocardial infarction or aortic regurgitation are defined according to the Valve Academic Research Consortium (VARC) 2 criteria and have been described previously. 16 Aortic regurgitation after TAVI is quantified angiographically at the end of the procedure. Aortic regurgitation after iSAVR is assessed with echocardiography.
AKL score for risk prediction of isolated aortic valve procedures
Both the logistic EuroScore I (log ES I) 17 and the German AV score (AKL score) 18 were calculated from baseline characteristics and documented comorbidities. 18 Whereas various scores for risk estimation in patients undergoing heart surgery in general are known to overestimate the mortality of patients undergoing isolated aortic valve procedures, 17, [19] [20] [21] the AKL score is the only score developed for isolated aortic valve replacement and includes results of surgical as well as TAVI procedures. The AKL score is calculated from 17 variables including age, gender, body mass index (two risk classes), New York Heart Association class (NYHA), American Society of Anesthesiologistes (ASA) classification, angina, critical pre-operative status including cardiac shock and cardiopulmonary resuscitation, pulmonary hypertension, heart rhythm, left ventricular ejection fraction (LVEF), redo procedure, endocarditis, coronary artery disease, peripheral arterial disease, diabetes mellitus, renal failure, and emergency procedure. 18 Because of its reliable prediction of mortality after surgical and TAVIs, the AKL score is used to calculate the expected mortality and therefore the observed/expected mortality ratio. 
Results
In 2016, a total of 15 050 TV-TAVI procedures were carried out in Germany. This represents an increase of 14.6% over 2015, which is less of an increase than in previous years ( Figure 1 ). Baseline characteristics were complete in 99.9% (15 029/15 050). The AKL score could only be calculated for these patients. Data on procedural complications were complete in 100% and on post-procedural complications in 99.9% (n = 15 043).
Baseline characteristics
Baseline characteristics of TV-TAVI patients were similar in 2016 compared with the previous years. Most (59.7%) patients were still between 80 and 89 years old, resulting in an overall mean age of 81.0 years ( Table 1) . Fewer patients presented with an elevated pulmonary artery pressure (P = 0.007), or had had prior heart surgery (P = 0.02) than in 2015. Significantly more patients treated with TV-TAVI in 2016 were described to be completely asymptomatic (P = 0.001) or in NYHA class II (P = 0.01) compared with 2015 (P = 0.001; Table 1 ). There was also a slight decrease in the number of patients with very low left ejection fraction of <30% (P = 0.02). Nevertheless, patients treated with TV-TAVI show overall a relatively constant risk profile over the year, which is reflected in the similar distributions of the different risk groups according to the log ES I over the years (P > 0.05; Figure 2 ).
Procedural characteristics
The procedure time continuously decreased over the years, with a mean time of 71.5 min being reported for 2016 (-10.0% vs. 2014). Likewise, the radiation time (-24.4% vs. 2014) and the amount of contrast medium (-8.2% vs. 2014) were reduced from 2014 to 2016 ( Table 2) . The frequency of intra-procedural complications increased slightly in 2016 compared with 2015 (P = 0.003). This increase was mainly driven by a higher rate of intra-procedural vascular complications (P < 0.001). Angiographically assessed aortic regurgitation > _2 decreased slightly from 2015 to 2016 (0.5% vs. 0.6%; P = 0.047). The incidence of all the other complications remained stable or decreased without statistical difference between 2015 and 2016 (P > _ 0.05; Table 2 ). 
Post-procedural complications
The overall rate of post-procedural complications decreased in 2016 relative to the previous years (Table 3) . Importantly, this includes a significant decrease in the frequency of new permanent pacemaker implantations (P = 0.002) as well as a decrease in post-procedural vascular complications (P < 0.001) and in the number of cardiopulmonary resuscitations (P = 0.005; Table 3 ).
Outcome after transvascular transcatheter aortic valve implantation
In-hospital mortality decreased further to 2.6% in 2016 (vs. 3.8% in 2014 and 3.4% in 2015; Figure 3 ). Whereas this decrease was not significant in previous years, it showed statistical significance from 2015 to 2016 (P < 0.001).
The observed (O) mortality in 2016 was significantly lower than the expected (E) mortality calculated with the AKL score (P < 0.001), resulting in an O/E mortality ratio of 0.68 (Table 4) . When stratified into the four risk groups according to the AKL score (low, intermediate, high, and very high risk), the decrease in mortality from 2015 to 2016 was apparent in all risk groups using the same risk model for both years ( Table 4) . The O/E ratio was <1 in patients in all risk groups (Table 4) . A significant difference in the O/E mortality ratio was observed throughout all risk groups (low-risk group P = 0.01; intermediate-risk group P = 0.004, and high-and very high-risk groups P < 0.001). This low O/E ratio was especially pronounced in the highand very high-risk groups (0.61 and 0.54, respectively).
Comparison with isolated surgical aortic valve replacement
Over the last few years, the number of isolated iSAVR procedures was more or less stable (n = 9609 in 2016; Figure 1 ). Of these, 6.7% were implanted sutureless and 9.1% minimally invasive. Patients undergoing iSAVR were younger than TV-TAVI patients (P < 0.001) and showed a significantly lower rate of comorbidities such as pulmonary hypertension (P < 0.001), coronary artery disease (P < 0.001), or diabetes mellitus (P < 0.001; risk of patients undergoing TV-TAVI according to the AKL score ( Table 4) . Patients undergoing iSAVR showed lower rates of procedural complications than patients undergoing TV-TAVI (P < 0.001; Table 2 ). Following iSAVR, patients had lower rates of postprocedural vascular complications (P < 0.001), pacemaker implantation (P < 0.001), and cerebrovascular complications (P = 0.03) but higher rates of renal replacement therapy (P < 0.001), low cardiac output (P < 0.001), and cardiopulmonary resuscitation (P = 0.006). Significantly more patients undergoing iSAVR needed rethoracotomy due to various reasons such as bleeding, haematoma, or infections (P < 0.001; Table 3 ). The in-hospital mortality after iSAVR remained stable over the years, with a rate of 2.9% in 2016 [3.0% in 2015 (P = 0.75); Figure 3] . The observed and expected mortality after iSAVR in 2016 calculated with the AKL score did not differ significantly (P = 0.83). The overall O/E ratio of patients undergoing iSAVR in 2016 was 1.02, which is slightly lower than the value of 1.13 in 2015 ( Table 4 ). The only risk group with an O/E ratio slightly below 1 were the patients at very high risk who represent 4.4% of all patients undergoing iSAVR ( Table 4) .
The overall in-hospital mortality rate was numerically lower after TV-TAVI than after iSAVR (2.6% vs 2.9%; P = 0.19). Stratification into the risk groups according to the AKL score showed significantly lower mortality rates for TV-TAVI vs. iSAVR in intermediate-risk (P = 0.014), high-risk (P < 0.001), and very high-risk (P < 0.001) patients. There was no significant mortality difference in the low-risk group (1.6% vs. 1.4%; P = 0.4).
Comparison with transvascular transcatheter aortic valve implantation
During the last few years the number of TA-TAVI procedures was stable. (n = 2047 in 2016; Figure 1 ). Patients undergoing TA-TAVI had a higher rate of comorbidities such as lung diseases (P < 0.001), reduced LVEF (P < 0.001), coronary artery disease (P < 0.001), and diabetes (P = 0.003), and more often had had prior heart surgery (P < 0.001), but they had a lower rate of pulmonary hypertension (P < 0.001; see Supplementary material online, Table S1 ). Patients undergoing TA-TAVI were therefore at higher surgical risk according to the AKL score than patients undergoing TV-TAVI in 2016 ( Table 4) . Mortality after TA-TAVI in 2016 was significantly higher than after TV-TAVI (P < 0.001; Figure 3 ). This significant difference was apparent in the intermediate (P = 0.004) and high-risk group (P < 0.001) but not in the low (P = 0.62) and in the very high-risk group (P = 0.10; Table 4 ).
Discussion
The present analysis of all TV-TAVI procedures performed in Germany in 2016 in comparison with recent years shows that (i) the total number of TV-TAVI procedures continued to increase markedly; (ii) the patient selection according to comorbidities and the log ES I did not change significantly; (iii) the peri-and post-procedural complications and consequently the in-hospital mortality after TV-TAVI further declined in 2016. The overall in-hospital mortality rate after TV-TAVI was numerically lower than after iSAVR for the first time in 2016. In all but the low-risk group the mortality rate was significantly lower than after iSAVR; in the low-risk group similar rates were observed for the two procedures.
Recently published randomized trials showed very promising results for patients being treated with TAVI procedures instead of iSAVR. 3, 4, 13, 14 Whereas these results were widely accepted for highrisk patients already since 2012, 22 the treatment of intermediate-and
low-risk groups with TAVI is still a matter of debate. 1 Nonetheless, the number of TV-TAVI procedures increased in 2016 in comparison to previous years, with more than 15 000 TV-TAVI procedures being carried out as compared with the more-or-less stable number of 9600 iSAVR procedures. This increase was not driven by a relaxation of the traditional selection criteria, as clearly demonstrated by an unaltered risk profile of the TV-TAVI patients during the last few years. Therefore, it must be concluded that the overall increase in the number of patients who were treated for aortic valve disease in 2016 was due to patients who would not otherwise have received replacement therapies at all. This development may well be explained by a better awareness among both physicians and patients of the minimally invasive treatment options, although a recent survey did propose that awareness is still insufficient within the European population.
23
The patient population treated with TV-TAVI today consists not only of high-risk patients but includes also a significant share (87.5% patients with an AKL score < 6%) of patients with either intermediate or even low risk for surgical valve replacement. The debate on the preferred treatment option for these patients is still on-going in the surgical and cardiological community. Therefore, it is of utmost importance to closely monitor both the results of randomized trials as well as the results obtained from routine clinical practice. Mandatory quality assurance programs such as that employed here may be of great help in comparing the results of the different approaches. As described for GARY 7 and in the analyses of previous years, 10,11 the positive trend continued in 2016, showing a further decline especially in post-procedural complications such as aortic regurgitation, device embolization, permanent pacemaker implantation, and vascular complications. The consistently declining rate of complications after TAVI can be attributed to the still on-going learning process and improved valve technology. 24, 25 Thus, for the first time the overall in-hospital mortality was numerically lower in patients treated with TV-TAVI than in patients treated with iSAVR (2.6% vs. 2.9%) despite a difference of 13 years in mean age and a considerably higher risk profile of TAVI patients. These differences were statistically significant in the intermediate-, high-, and very high-risk group as stratified by the AKL score. Remarkably, the low-risk group-representing for both treatment options the group with the most patients-did not show a significant difference in mortality between iSAVR and TV-TAVI.
To integrate the higher age and risk profile of TV-TAVI patients, focus should be placed on the O/E ratios for the different risk groups, which underlines the very good results after TV-TAVI. In all risk groups, including the low-risk group, the O/E ratio for patients after TV-TAVI was remarkably lower than for patients after iSAVR.
Our results reveal in addition that a considerable portion of TV-TAVI procedures is still performed in patients at high operative risk and that the indication has not already been excessively expanded to lower-risk populations. TV-TAVI appears reasonable than as stated in the newly published guidelines. 1 Even in low-risk patients TAVI might be a good therapy option.
Limitations
Our analysis has several limitations. Firstly, the data derives only from German hospitals and therefore does not necessarily reflect practices in other countries. Second, only in-hospital mortality was assessed. Long-term follow-up data are needed to confirm the relevance of the data. Third, data on the exact prosthesis implanted as well as detailed data on the access site especially for TV-TAVI can't be derived from the IQTIG data. Fourth, we want to emphasize the de novo calculation of the AKL score every year. On one hand, this makes the score more precise than other scores, but on the other hand it leads to a different classification of patients every year. Therefore, all data that are based on the AKL score can be compared between different years in only a limited way. Nonetheless, it is important to mention that our comparisons between the different treatment options were made exclusively on the basis of the same underlying risk model. Fifth, we focused on patients who could be treated using the transvascular approach. Finally, although these data are not derived from a registry they are still not comparable to data from randomized controlled trials. This counts especially for the fact that individual data is not given and therefore statistical analysis is only possible in a simplistic way. Given that data quality control is mandatory; however, the completeness of the data may surpass that of other real-world data sets.
Conclusions
The number of TV-TAVI procedures performed in Germany is still increasing from year to year. The in-hospital mortality decreased over the last few years, and in 2016 it was for the first time numerically lower than the respective mortality rate after iSAVR. In the low risk group in-hospital mortality was similar, whereas in all other risk groups in-hospital mortality after TV-TAVI was significantly lower than after sAVR. This translates to remarkably good results after TV-TAVI, not only for patients at high and intermediate risk but also for patients in the low risk group, which may therefore stimulate a further widening of the TV-TAVI indication spectrum.
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